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CRPS: Historical Perspectives 
• Sixteenth century Ambroise Parè described a severe and persistent pain syndrome that afflicted King Charles 

IX of  Valois after a limb phlebotomy 
•1813 Denmark described sympathethic dystrophy 
•1864 Mitchell, Moorhehouse and Keen wrote classic work describing causalgia (burning pain) 
•1864 Paget described skin and vasomotor changes 
•1900 Sudeck identified  patchy bone demineralization 
•1923 Leriche described post-traumatic painful osteoporosis  
•1947 Evans used the term reflex sympathethic dystrophy 
•1947 Steinbrocker identified shoulder-hand syndrome 
•1954 De Seze  named the condition algodystrophy 
•1973 Glick called the disease algo-neuro- dystrophy 
•1990 Bonica revisited the Evans terminology reflex sympathetic distrophies  (RDS) 
•1994 IASP introduces the term Complex Regional Pain Syndrome (CRPS) 

Casale et al. Clin Exp Rheumatol 2015 

Iolascon et al. Clin Cases Min Bone Metab 2015 



Reflex Symphatetic Distrophies 
 

 
Complex Regional Pain Syndrome 

 
 

downsizing of the pathogenic role 
of the sympathetic nervous system  



 Diagnostic criteria for CRPS:  
IASP Diagnostic Criteria  

CRPS I 
1. The presence of an initiating noxious event, (or a cause of  immobilization – not required for diagnosis) 
2. Spontaneous occurence of pain in the absence of an external stimulus, allodynia or hyperalgesia that is not 

limited to the territory of a single perhipheral nerve and is disproportionate to the inciting event 
3. Evidence at some time of  oedema, skin blood flow abnormality or abnormal sudomotor (sweating) activity in 

the region of pain  
4. The diagnosis in excluded by the existence  of conditions that would otherwise account for the degree of pain 

and dysfunction. 
CRPS II is a syndrome that develops after nerve iniury 

modified from: Stanton-Hicks et al. Pain 1995 

                        Harden and Bruehl. Clin J Pain 2006 

       Gatti et al. Osteoporos Int 2016 

Budapest Criteria  
1. Continuing pain , which in disposportionate to any inciting event 
2. Must report at least one symptom in three (clinical diagnostic criteria) or four (research diagnostic criteria)of the 

following categories: a) Sensory: hyperesthesia or allodynia; b) Vasomotor: temperatur asymmetry, skin colour 
changes or skin colour asymmetry; c)Sudomotor or oedema: oedema, sweating changes or sweating 
asymmetry; d) Motor or trophic: decreased range of motion, motor dysfunction (weakness, tremor, or dystonia) 
or trophic changes (hair, nails or skin) 

3. Must display at least one sign at time of of diagnosis in two  or more of the following categories: Sensory: 
hyperalgesia (to pinprick) or allodynia (to light touch deep somatic pressure, or joint movement); b) Vasomotor: 
temperatur asymmetry, skin colour changes or asymmetry; c) Sudomotor or oedema: oedema, sweating 
changes or sweating asymmetry; d) Motor or trophic: decreased range of motion, motor dysfunction (weakness, 
tremor, or dystonia) or trophic changes (hair, nails or skin) 

4. No other diagnosis better explains the signs and symptoms 



Etiopathogenetic conditions in CRPS-I 

Peripheral tissue damages  - Bone fractures 
     - Sprains 
     - Soft tissue traumas 
     - Arthitis 
     - Immobilisation 
     - Deep vein thrombosis 
 
Deep visceral lesions   - Myocardial infarction 
     - CNS lesions (traumatic, cerebrovascular) 
     - Abdominal pathologies 
     - Pacemaker implantation 
 
Drugs     - Anticonvulsivants 
     - Isoniazid 
     - Corticosteroids 
 



Epidemiology of CRPS-I  

Limited data available. 
 
In population-based studies: 
5.5 cases per 100.000 person-years in USA; 26.2 cases per 100.000 person-
years in The Netherlands 
In a prospective multicenter study in 596 pts with a previous fracture of feet 
or arms: 
incidence 7% according to the Budapest criteria; 
incidence 48.5% according to the IASP criteria  

 
Female/male= 2-4/1 
Peak incidence around the 4° and 6° decade 
Affected sites: arm 60%, leg 40% 
Triggering event: fracture ∼ 45%, sprain ∼ 18%, elective surgery ∼ 12% 

Sandroni et al. Pain 2003 

de Mos et al. Pain 2007 

Beerthuizen et al. Pain 2012 

Marinus et al. Lancet Neurol 2011 



Tajerian et al. Hand Clin 2016 

Possible pathogenic mechanisms involved in CRPS in 
animal models and humans  

 



Possible pathogenic mechanisms in CRPS I  
and  related clinical manifestations 

Varenna  M. Yearbook, 2011 



Clinical features and proposed 
pathophysiological mechanisms of CRPS  

Marinus et al. Lancet Neurol 2011 

Do-Hyeong et al J Pain 2015 

Kuttikat et al. Front Hum Neurosc 2016 



Rational diagnostic approach to CRPS 

modified from: Birklein et al. Neurology 2015 

4) NMR:  Bone marrow oedema 



SIOMMMS guidelines 

SIOMMMS 2015 www.siommms.it 



XR 



Bone scintigraphy 

AlSharif et al. Ann Nucl Med 2012 



NMR 

T1W sequences:  Hypointense      T2W sequences: Hyperintense 
                                                                FAT/SAT sequences: Hyperintense 



Meta-analysis of imaging techniques in CRPS-I 

Capello et al.J Hand Surg  2012 



Bone Marrow Edema Etiology 

Trauma 
 Fracture (acute, osteoporotic, stress) 
 Local transient osteoporosis 
 Bone bruise 
 Osteochondral injuries 

Degenerative lesions 
 Osteoarthritis 

Inflammatory lesions 
 Inflammatory arthropaties and enthesitis 

Vascular lesions 
 Avascular necrosis 
 CRPS I 
 Sickle cell anemia 

Infectious lesions 
 Osteomyelitis 
 Diabetic foot, Charcot arthropaty 
 Sepsis 

Metabolic/endocrine lesions 
 Hydroxyapatite deposition disease (HADD) 
 Gout 

Iatrogenic lesions 
 Local surgery 
 Radiotherapy 

Neoplastic (and neoplastic-like lesions) 

modified from: Eriksen et al. Rheumatol Int, 2012 

BONE VASCULAR SYNDROMES  
•Osteonecrosis 
 
• Regional Osteoporosis  
1. CRPS-I 

 
2. Bone Marrow Edema syndromes 
 
 - Regional Migratory Osteoporosis (RMO) 
 
 - Transient Osteoporosis of the Hip (TOH) 



Summary of treatments for CRPS 

Bruhel S  . BMJ 2015 



Smart et al. Cochrane Database Syst Rev 2016 



CRPS-I and medical treatment:  
drugs proposed and their evidence 

Gatti et al. Osteoporos Int 2016 



Ketamine in CRPS-I 

Sigtermans  et al. Pain 2009 



Local anaesthetic sympathetic blockade for CRPS 

Stanton et al. Cochrane Database Syst Rev 2013 



SIOMMMS 2015 www.siommms.it 



Bisphosphonates in CRPS-I 

Giusti et al. RMD Open  2015 



Bisphosphonates in CRPS-I 

Varenna M. Rheumatology 2014 

None of these 4 trials provided sufficient data 
to validate the use of bisphophonates in CRPS-I 



Pain management in CRPS-I: meta-analysis 

Wertli  et al. Pain Med  2014 

                Overall treatment efficacy                                       Result in mean symptoms duration less than 12 mo 

Results of follow-up 2 months and more 









A year later, none of the patients 
was referring symptoms linked to 
CRPS-1. 
Bone scintigraphy control was 
obtained in 36 pts with complete 
normalization. 
In 12 pts MRI negative for bone 
marrow edema. 
No serious drug-related AEs 





Pamidronate vs prednisolone in CRPS-I 

Eun Young et al. Neth J Med 2016 

Prednisolone 1 mg/kg  tapered over 2 weeks 
Pamidronate 60 mg e.v. every other day for 3 infusions 



Pamidronate vs prednisolone in CRPS-I 

Eun Young et al. Neth J Med 2016 



Pathophysiology and mechanism-based 
 treatment options in CRPS 

Giertmϋhlen  et al. al. Nat. Rev. Neurol 2014 



How bisphosphonates could act in CRPS-I? 

Canonical suppression of bone turnover?  
 

Bone scan over uptake ed MRI “bone edema” could suggest 
an high turnover in bone area, but  regional osteoporosis 
occurs  too early to be explained by an osteoclast-mediated 
mechanism. 
Furthermore the few studies available on bone turnover 
markers and on histopathological tissues did not show an 
increased osteoclastic activity even in the fist phases of 
CRPS-I, when bisphosphonates show their best effectiveness. 
 



Varenna  M. Rheumatology 2014 



How bisphosphonates could act in CRPS-I? 

Modified  from Varenna  M. Yearbook, 2011 



How bisphosphonates could act in CRPS-I? 

Prevention of hydroxyapatite crystal dissolution in an 
acid milieu? 

 
In high concentration bisphosphonates  show this action  

 
Reduction of lactic acid production? 

 
Bisphosphonates are able to reduce lactic acid production 
from different cells. Tissues acidosis and increased lactic acid 
in CRPS-I patients have been demonstrated to cause an 
antidromic release of CGRP (calcitonin-gene-related peptide) 
and substance P from nociceptive afferents. 



How bisphosphonates could act in CRPS-I? 

Inhibition of monocytes/macrophages? 
 
Reduced production of pro-inflammatory cytokines and 
nerve growth factor (NGF), that promotes further 
differentiation and activation of monocyte/macrophage and 
other cells lineages, increases the expression of some acid-
sensing receptors in sensory neurons and induces 
proliferation and activation of keratinocytes, probably 
involved in maintaining inflammation, nociceptive 
sensitization and microvascular disturbancies in CRPS-I.  
 
 
   



Yao et al. J Pain 2016 

How bisphosphonates could act in CRPS-I? 

Microglia are regarded as the immune cells 
of the CNS and are  quickly activated in 
response to external stimuli, releasing 
inflammatori cytokines (TNFα, IL-1β, IL-6) 
which play a critical role in the development 
and maintenance of central sensitization and 
hyperalgesia by altering the sensitivity of the 
afferent neurons, thus modulating the 
transmission of painful stimuli to the central 
nervous system 
In chronic constriction injury  animal models 
ALN administred intrathecally and 
intraperitoneally   reduced  in vivo (and in 
vitro cultures) the microglial activation and 
phosphorilation of p38 but did not reduce 
the expression of CD45. The result indicated 
that ALN might target some sites 
downstream of CD45, such as the Src/p38 
MAPK signaling cascade, in spinal microglia 



Conclusions 

• The pathophysiologic mechanisms of CRPS-I remain poorly understood  
 
• Diagnostic criteria are focused on signs and symptoms (mainly of the cold and late 
phase)  and do not include imaging findings (particularly bone scan and MRI) of  the 
early stage of the disease 
 
• Cold CRPS-I with worse prognosis and atrophic, often dramatic evolution is the late 
phase  of a initially warm CRPS-I or are two distinct diseases? 
 
• The efficacy of BPs in CRPS –I treatment raise new questions about the mechanism 
of CRPS-I and about the pleiotropic qualities of these drugs 
 
• In cold-atrophic CRPS-I the effect of BPs and  of other drugs seems low.  It is of great 
importance to diagnose and treat the disease early. 
 
 
 




